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© Surgical repair device. 



© A surgical apparatus (10) for tightening a strap 
loop (12) to a predetermined tension about split 
tissue portions includes a frame (16), an advancing 
mechanism for tightening the strap loop, a linkage 
mechanism which severs excess strap material not 
used in securing the tissue portions together and a 
control mechanism for controlling operation of the 
apparatus. The advancing mechanism includes a 
tensioning lever (18) and a gear mechanism. The 
gear mechanism includes a tensioning hub (36) and 



a clutch (38) which releases when the tension in the 
strap loop exceeds a predetermined value. The con- 
trol mechanism includes a safety feature for prevent- 
ing inadvertent activation of the linkage mechanism. 
A buckle and a method for use with the surgical 
apparatus is also disclosed. The invention is particu- 
larly contemplated for repair of the human sternum 
when the sternum has been split during surgical 
procedures. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a surgical de- 
vice for repair of split portions of tissue. In particu- 
lar, the invention is directed to a tensioning appara- 
tus for tensioning a flexible strap to a predeter- 
mined tension about split portions of a sternum to 
maintain the portions in an adjacent compressive 
relationship during healing. 

2. Description of the Prior Art 

During surgery that involves a median ster- 
notomy, e.g., open heart surgery, the sternum is 
split longitudinally to allow access to the organs 
within the thoracic cavity. Upon completion of the 
surgery, the sternum is rejoined and closed se- 
curely. For proper healing to occur, the split ster- 
num portions must be engaged in face-to-face rela- 
tionship and compressed together while the ster- 
num heals. 

Traditional methods for closing a sternum in- 
volve securing steel wires around or through the 
sternum halves and manually approximating the 
sternum by twisting the wires together. 

Recently, a certain amount of emphasis has 
been directed towards the use of band or strap 
assemblies for sternum repair. Such assemblies 
typically include a locking mechanism which se- 
cures a strap in a closed looped configuration 
about the sternum portions. One example of an 
assembly of this type is described in U.S. Patent 
No. 4,813,416 to Pollak et al. which relates to a 
strap assembly having a curved surgical needle, an 
attached thin flat stainless steel strap and a buckle 
member. The sternum halves are brought to abut- 
ting closure by looping the strap in position around 
or through the sternum portions, tightening the 
strap to compress the sternum portions together 
and securing the strap within the buckle member. 

A significant objective in applying the af- 
oredescribed conventional wire and strap assem- 
blies is to tighten the strap to an appropriate ten- 
sion so as to ensure a compressed relationship 
between the split sternum portions during healing. 
However, with the methods known heretofore for 
applying these devices, the amount of force admin- 
istered to the strap is controlled by the surgeon by 
discontinuing the tightening action after a deter- 
mination that the sternum portions appear to be in 
a desired compressed relationship. Such reliance 
on the surgeon's ability often leads to inconsis- 
tency in the tensional force on the strap, which 
may result in either overtightening or insufficient 
tightening of the strap about the split sternum por- 
tions. A strap which is tightened excessively about 



the sternum portions will slice through undesired 
areas of tissue or bone thus presenting a potential 
source of infection. On the other hand, a strap 
which is too loose about the sternum may prolong 

5 healing. 

The particular configurations of the aforemen- 
tioned wire and strap assemblies also have their 
own shortcomings. The use of steel wires presents 
problems to the surgeon during the operation and 

io to the patient after closure is completed. Steel 
wires are difficult to maneuver and place around 
the sternum. The wire edges are often sharp and 
can easily pierce through undesired areas including 
tissue surrounding the sternum area or the sur- 
fs geons gloves or fingers. Further, the wire repre- 
sents a non-absorbable foreign body which re- 
mains embedded within the body tissue and thus 
may present further complications to the patient as 
a result of its presence within the body. The strap 

20 assemblies known heretofore incorporate locking 
mechanisms which are inherently structurally com- 
plex. For example, the locking mechanism de- 
scribed in U.S. Patent No. 4,813.416 to Pollak et al. 
includes a buckle member having a hinge or loop 

25 segment and a spring-biased projection which pro- 
jects through a loop formed in the band to maintain 
the closed band loop in a locked configuration. 
Further, the buckle assemblies are relatively small 
and difficult to hold against the sternum, especially 

30 during tightening of the strap through the buckle. 

It would accordingly be desirable to provide a 
tensioning apparatus which can tighten a wire or 
strap about split portions of tissue, i.e., sternum 
portions, to a suitable desirable tension to promote 

35 uniform healing of the tissue portions while avoid- 
ing complications associated with manual tighten- 
ing. It would also be desirable to provide a buckle 
assembly for use with the tensioning apparatus, 
which is simple in construction and effectively se- 

40 cures the strap at the desired tension about the 
tissue portions. Preferably, the apparatus would 
house the buckle assembly thereby facilitating ma- 
neuvering and control of the buckle assembly ar- 
ound the operative area. 

45 

SUMMARY OF THE INVENTION 

Generally stated, the present invention is di- 
rected to an apparatus for tightening a strap loop 

so about split portions of tissue to draw the tissues 
portions together in a contacting relation to pro- 
mote healing. The apparatus comprises frame 
means and strap advancing means mounted in the 
frame means for advancing a first end portion of 

55 the strap loop in a strap tightening direction. Pref- 
erably, the strap advancing means is adapted to 
release and prevent further tightening of the strap 
loop when the tension in the strap loop exceeds a 
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predetermined value. 

The strap advancing means comprises a ten- 
sioning hub, a tensioning lever pivotally mounted to 
a forward portion of the frame means and gear 
means for transforming pivotal motion of the ten- 
sioning lever into rotational movement of the ten- 
sioning hub. 

The preferred gear means comprises first gear 
means securely mounted about a first gear shaft, 
second gear means securely mounted to the ten- 
sioning hub and cooperatively engaging with the 
first gear means such that rotational movement of 
the first gear means causes reverse rotational 
movement of the second gear means and the ten- 
sioning hub, and clutch means securely mounted 
within a forward housing portion of the tensioning 
lever and rotatably mounted about the first gear 
shaft. The clutch means is adapted to engage the 
first gear shaft and cause rotation thereof and re- 
verse rotation of the tensioning hub upon pivotal 
motion of the tensioning lever in a first direction, 
and to release the first gear shaft upon pivotal 
motion of the tensioning -lever in a second direc- 
tion. The clutch means preferably releases the first 
gear shaft when the tension in the strap loop ex- 
ceeds the predetermined value. 

The apparatus may also comprise linkage 
means for severing an excess portion of the strap 
loop not used in securing the split tissue portions. 
The linkage means comprises a vertical link mem- 
ber pivotally mounted in generally the center there- 
of to the frame means about a first stationary shaft, 
a driving link member longitudinally movable in 
response to pivotal movement of the vertical link 
member and having a keyway disposed in gen- 
erally the center thereof, which keyway is defined 
by first and second apertures interconnected by a 
channel, a mounting link member extending gen- 
erally transverse to the driving link member and 
pivotally movable in response to longitudinal move- 
ment of the driving link member, a pawl link mem- 
ber engagable with a notch formed in the driving 
link member and pivotable about a third stationary 
shaft in response to longitudinal movement of the 
driving link member, an intermediate link member 
mounted to a first end portion of the pawl link 
member and movable in a generally transverse 
direction in response to pivotal movement of the 
pawl link member and a knife link member having 
a cutting edge at a first end thereof and pivotally 
movable in response to transverse movement of 
said intermediate link member. An actuating button 
slidably mounted to the upper surface of the frame 
means and engageable with the vertical link mem- 
ber is moved to activate the linkage means. 

In a preferred embodiment, the apparatus also 
comprises control means for controlling operation 
of the apparatus. The control means is operable 
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within first, second and third positions. The first 
position corresponds to a secured position of the 
apparatus. The second position corresponds to an 
unlocked position to permit actuation of the strap 

5 advancing means and the third position corre- 
sponds to a release position which permits ac- 
tuation of the linkage means. The control means is 
adapted to permit actuation of the linkage means 
only when the control means is in its third position. 

10 The components of the control means include 

an eccentric shaft rotatably mounted to the frame 
means and received within the keyway in the drive 
link member. The eccentric shaft is adapted to 
rotate between a first, a second and a third posi- 
ts tion. Preferably, the eccentric shaft has a cross 
section defining a major axis and a minor axis, with 
the major axis being greater in length than the 
length of the minor axis and also being greater 
than the width of the channel of the keyway in the 

20 driving link member. 

The control means further includes at least one 
locking hook member mounted to the eccentric 
shaft, a locking bar mounted within the tensioning 
lever and correspondingly positioned to be en- 

25 gaged by the locking hook member and at least 
one control lever mounted to the eccentric shaft on 
the exterior of the frame means. 

The first position of the eccentric shaft cor- 
responds to the first position of the control means 

30 wherein the eccentric shaft is received within the 
first aperture of the driving link member and has its 
major axis generally transverse to the longitudinal 
axis defined by the frame means and wherein the 
locking hook member engages the locking bar to 

35 secure the tensioning lever to the frame means. 

The second position of the eccentric shaft cor- 
responds to the second position of the control 
means wherein the locking hook member is re- 
leased from its engagement with the locking bar to 

40 permit pivotal movement of the tensioning lever 
and tightening of the strap loop. In this position, the 
eccentric shaft is received within the first aperture 
of the driving link member and has its major axis 
angularly displaced relative to the longitudinal axis 

45 defined by the frame means such that the eccen- 
tric shaft engages portions of the driving link mem- 
ber defining the channel to prevent longitudinal 
movement of the driving link member and actuation 
of the linkage means. 

so The third position of the eccentric shaft cor- 

responds to the third position of the controls means 
wherein the major axis of the eccentric shaft is 
generally parallel to the longitudinal axis defined by 
the frame means such that the eccentric shaft 

55 clears the channel of the keyway in the driving link 
member to permit longitudinal movement of the 
driving link member relative to the frame means 
and actuation of the linkage means. 

3 
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The apparatus may also comprise means for 
securing the strap loop In the tensioned condition 
about the tissue portions. In a preferred embodi- 
ment, the securing means comprises buckle 
means. The buckle means may be releasably 
mounted to the frame means, preferably, to the 
linkage means. 

The present invention is also directed to a 
buckle assembly for securing a strap member 
about split portions of tissue. The buckle assembly 
comprises a base member having an opening ex- 
tending therethrough for reception of a portion of 
the strap member and means for engaging the 
strap member to securely retain the strap member 
in a compressive closed looped configuration about 
the split tissue portions. The base member in- 
cludes a partial longitudinal channel defined be- 
tween an upper and lower surface thereof. 

The preferred strap member engaging means 
comprises clip means mounted to the base mem- 
ber. The clip means is pivotal from an open posi- 
tion which permits reception of the strap member 
and a closed position which securely wedges the 
strap member between a forward edge of the clip 
means and the base member. In a preferred em- 
bodiment, the clip means includes a resilient tail 
portion which biases the clip means to the closed 
position when the clip means is stressed to the 
open position during reception of the strap. 

The strap member engaging means may fur- 
ther comprise clamp means slidably housed within 
the partial longitudinal channel of the base member 
and movable therewithin from a non-engaging posi- 
tion to an engaging position. The clamp means is 
adapted to securely wedge the strap member be- 
tween a forward edge of the clamp means and the 
base member when in the engaging position. The 
clamp means is maintained in the engaging posi- 
tion by partial tab members extending from a rear 
portion of the base member and into the partial 
longitudinal channel. The partial tab members are 
biased slightly downwardly toward the lower sur- 
face of the base member and are adapted to 
engage a rear portion of the clamp means when 
the clamp means is advanced to the engaging 
position. The partial tab members are correspond- 
ingly configured and dimensioned to securely re- 
tain the clamp means in the engaging position. 

The present invention is also directed to a 
system for tensioning a strap loop to a predeter- 
mined tension about split tissue portions. The sys- 
tem comprises frame means adapted to support 
two end portions of the strap to form a loop about 
the split tissue portions, means for advancing the 
strap in a strap tightening direction, buckle means 
for securing the strap loop in the tensioned con- 
dition, linkage means for severing excess portion of 
the strap loop not used in securing the split tissue 



portions and control means for controlling operation 
of the apparatus. 

A method is also disclosed for repairing split 
portions of tissue. The method comprises the steps 

5 of providing an apparatus for tensioning a strap 
loop about split portions of tissue, the strap having 
a buckle member attached thereto for securing the 
strap in the tensioned condition, the apparatus 
comprising frame means and means mounted in 

io the frame means for advancing a first end portion 
of the strap loop in a strap tensioning direction, 
looping the strap around the tissue portions, ac- 
tivating the strap advancing means to tighten the 
looped strap about the split tissue portions so that 

75 they are in an adjacent engaged relation and secur- 
ing the strap member within the buckle member. 

A method is also provided for securing first and 
second portions of a sternum with a strap having a 
buckle member attached to a first end portion 

20 thereof. The method comprises the steps of provid- 
ing a tensioning apparatus including frame means, 
means mounted in the frame means for advancing 
a second end portion of the strap in a strap tighten- 
ing direction, which strap advancing means re- 

25 leases and prevents further tightening of the strap 
when the tension in the strap exceeds a predeter- 
mined tension, linkage means for severing excess 
strap material not used in securing the tissue por- 
tions and control means for controlling operation of 

30 the apparatus. Preferably, the control means is 
operable within a first, a second and a third posi- 
tion. The first position corresponds to a secured 
position of the apparatus. The second position cor- 
responds to an unlocked position to permit ac- 

35 tuation of the strap advancing means and the third 
position corresponds to a release position to permit 
actuation of the linkage means. The method further 
comprises the steps of looping the strap around 
the tissue portions, advancing the control means to 

40 its second position to permit actuation of the strap 
advancing means, activating the strap advancing 
means to tighten the looped strap about the split 
tissue portions to the predetermined tension, ad- 
vancing the control means to its third position to 

45 release the linkage means and actuating the link- 
age means to sever excess strap material not used 
in securing the tissue portions together and secur- 
ing the strap member within the buckle. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are 
described hereinbelow with reference to the draw- 
ings wherein: 

55 FIG. 1 is a perspective view of the apparatus for 
tightening a strap to a predetermined tension 
about split tissue portions constructed according 
to the present invention; 
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FIG. 2 is a perspective view with parts sepa- 
rated, of the apparatus of Fig. 1 illustrating the 
operative mechanism and component parts of 
the apparatus of Fig. 1; 

FIG. 3 is a view partially in cross-section, taken 
along lines 3-3 of Fig. 1 illustrating the secured 
position of the apparatus; 

FIG. 4 is a cross-sectional view taken along lines 

4- 4 of Fig. 3 illustrating the cooperative engage- 
ment of the lower and upper gears of the gear 
mechanism; 

FIG. 5 is a cross-sectional view taken along lines 

5- 5 of Fig. 3 illustrating the mounting link mem- 
ber for releasably mounting the buckle to the 
apparatus; 

FIG. 6 is a cross-sectional view taken along lines 

6- 6 of Fig. 3 illustrating the locking hooks secur- 
ing the tensioning lever to the frame member; 
FIG. 7 is a cross-sectional view taken along lines 

7- 7 of Fig. 3 illustrating the control levers and 
the eccentric shaft of the control mechanism; 
FIG. 8 is a cross-sectional view taken along lines 

8- 8 of Fig. 3 illustrating the actuating button and 
the vertical link member of the linkage mecha- 
nism; 

FIG. 9 is a view similar to the view of Fig. 3 
illustrating the unlocked position of the appara- 
tus to permit ratcheting movement of the ten- 
sioning lever and tightening of the strap about 
the tissue portions; 

FIG. 10 is a cross-sectional view of the gear 
mechanism illustrating coiling of the strap ar- 
ound the tensioning hub; 

FIG. 11 is a cross-sectional view similar to the 
view of Fig. 3 illustrating the release position of 
the control mechanism to permit actuation of the 
linkage mechanism; 

FIG. 12 is a perspective view with parts sepa- 
rated, of the preferred buckle assembly for use 
with the apparatus of Fig. 1; 
FIG. 13 is a cross-sectional view of the buckle 
assembly of Fig. 1 illustrating the unsecured 
position of the buckle; 

FIG. 14 is a top plan view of the buckle assem- 
bly shown in Fig. 13 further illustrating the un- 
secured position of the buckle; 
FIG. 15 is a cross-sectional view of the buckle 
assembly of Fig. 13 illustrating the secured posi- 
tion of the buckle with the clip member and the 
clamp member each securely engaging a por- 
tion of the strap received within the buckle; and 
FIG. 16 is a top plan view of the buckle assem- 
bly of Fig. 15 further illustrating the secured 
position of the buckle. 



DETAILED DESCRIPTION OF THE INVENTION 

Referring initially to Fig. 1, there Is illustrated a 
perspective view of the tensioning apparatus 10 

5 constructed according to the present invention. Ap- 
paratus 10 is particularly configured to tighten a 
band or strap 1 2 to a predetermined tension about 
split portions of tissue so that the tissue portions 
are in an engaged and compressed relationship 

w during healing. Strap 12 is secured in the ten- 
sioned condition by buckle 14 which is initially 
mounted within apparatus 10. Buckle 14 is specifi- 
cally configured for operation with apparatus 10 
and assumes a locked condition in response to 

76 activation of the apparatus. 

Apparatus 10 includes frame member 16 and 
tensioning lever member 18 pivotally mounted to a 
forward portion of the frame member via shaft 20. 
Frame member 16 possesses two housing half 

20 sections 22, 24 which are configured and dimen- 
sioned to house the operating components of the 
apparatus 10. Frame member 16 also possesses 
elongated rearward portion 26 which corresponds 
to elongated rearward portion 28 of tensioning lever 

25 18. Portions 26, 28 are adapted to be grasped by 
the user to actuate the apparatus. Portions 26, 28 
include serrations 27, 29, respectively, to assist in 
gripping and maneuvering the apparatus. 

Housing half sections 22, 24 may be formed of 

30 a suitable desirable plastic material such as poly- 
carbonate, polypropylene, polyethylene or the like, 
or, in the alternative, of a metal such as stainless 
steel. The housing half sections are attached along 
a seam by suitable attachment techniques includ- 

35 ing screwing means, adhesive means and ultra- 
sonic welding. 

Referring now to Fig. 2, apparatus 10 is shown 
with parts separated, so as to illustrate the novel 
operating mechanism of the present invention. Ap- 

40 paratus 10 consists essentially of two operating 
mechanisms: 1) a strap tensioning mechanism 
identified generally as numeral 30; and 2) a linkage 
mechanism identified generally as numeral 32. 
Strap tensioning mechanism 30 tightens strap 12 to 

45 a predetermined tension about the tissue portions. 
Linkage mechanism 32 releasably mounts buckle 
14 to the applier and also severs excess strap 
material not utilized in securing the sternum. 

Referring now to Figs. 2-4, the strap tensioning 

so mechanism 30 is illustrated in detail. Tensioning 
lever 18 defines a forward housing portion 36 of 
generally circular cross section which houses 
clutch mechanism 38 (Fig. 4). Preferably, clutch 38 
is securely mounted to housing portion 36 and 

55 rotatably mounted about shaft 20. Clutch 38 may 
be of any conventional type which slips upon 
reaching a predetermined tension in the strap. A 
preferred clutch for use with the present invention 
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is manufactured by Torrington of Connecticut and 
is rated to slip, due to the gearing, when the strap 
tension reaches approximately 25 pounds. This 
clutch operates in two modes: lock and overrun. In 
the lock mode, the relative rotation of housed 
clutch 38 transmits a torque to shaft 20, and, 
accordingly causes the shaft to rotate with the 
clutch. In the overrun mode, the clutch is free to 
overrun in one direction, thus providing a ratchet- 
ing-type action to the lever. In the preferred em- 
bodiment, clutch 38 is in the locked mode upon 
downward pivotal movement of tensioning lever 18 
and is in the overrun mode upon upward move- 
ment of the tensioning lever. 

A resilient curved lever spring 21 has a first 
end portion mounted within an interior channel 25 
defined in tensioning lever 18 and a second end 
portion secured and mounted within groove 23 
formed in frame 16. Spring 21 biases tensioning 
lever 18 to an upward or open position away from 
frame member 12 after each tightening or down- 
ward movement of the lever, thus placing the lever 
in a position for subsequent tightening action. 

A pair of upper gears 40 are also mounted on 
shaft 20 and rotate with the shaft in response to 
downward (locked mode) movement of tensioning 
lever 18. A pawl 42 is 'positioned adjacent one of 
upper gears 40 to engage the teeth of the gear to 
prevent negative rotational motion of the gears after 
a tensioning movement of tensioning lever 18. Hel- 
ical coil spring 44 is wrapped around the axis of 
pawl 42 to bias the pawl in a generally upward 
tooth engaging position. 

Lower gears 46 mesh with upper gears 40 
such that rotational motion of the upper gears re- 
sults in reverse rotational motion of the lower 
gears. Lower gears 46 are securely mounted on 
tensioning hub 48 so that the tensioning hub 
rotates with the lower gears. Tensioning hub 48 has 
a channel 50 defined through its axis for reception 
of the needled end of strap 12. Rotational motion of 
tensioning hub 48 causes coiling of strap 12 ar- 
ound its axis and, consequently, tightening of the 
strap about the split tissue portions. (See Fig. 10) 

Referring once again to Figs. 2 and 3, linkage 
mechanism 32 includes actuating button 52 slidab- 
ly mounted to an upper surface portion of frame 
member 16. Button 52 is adapted for reciprocal 
longitudinal movement between an unadvanced 
and an advanced position. Wing portions 54 extend 
from each side of button 52 and are received within 
two corresponding longitudinal grooves (not shown) 
formed in half sections 22, 24 to retain the button 
on frame member 16. A helical spring 56 is affixed 
to the rear end portion of button 52. Spring 56 is 
also attached to frame member 16 via pin 58 and 
biases button 52 back towards the unadvanced 
position. Button 52 also includes groove 60 (shown 



in phantom in Fig. 3) on a lower surface thereof 
which is configured and dimensioned to receive an 
upper portion of vertical link member 62. (See also 
Fig. 8) 

5 Vertical link 62 extends generally transversely 

from button 52 and into frame member 1 6. Vertical 
link 62 pivots about stationary shaft 64 in response 
to longitudinal movement of button 52. Shaft 64 is 
disposed in generally the center of vertical link 62. 

10 Referring further to Figs. 2 and 3, driving link 

member 66 extends longitudinally within frame 
member 16 and is adapted for reciprocal longitudi- 
nal movement in response to the pivotal movement 
of vertical link 62. Driving link 66 includes two pairs 

75 of leg members 68, 70 at a rear and forward 
portion thereof, respectively. Leg members 68, 70 
each have an aperture defined therethrough for 
reception of pins 72, 74 respectively. Pin 72 con- 
nects driving link 66 with vertical link 62 and pin 74 

20 links the driving member with mounting link 76. 

Referring now to Figs. 2 and 3, in conjunction 
with Figs. 5 and 12, mounting link 76 extends 
generally transversely from driving link 66 and is 
pivotally mounted about stationary shaft 78. Mount- 

25 ing link 76 pivots in response to longitudinal move- 
ment of driving link 66. Mounting link 76 includes a 
pair of leg members 80 appropriately spaced to 
accommodate and mount buckle 14. Each leg 
member 80 has a partial longitudinal groove 82 

30 defined in a lower portion thereof. Grooves 82 are 
configured to receive the clamp member 136 of 
buckle 14 to releasably mount the buckle to the 
lower surface of frame member 12. Fig. 12 illus- 
trates this mounting in detail. Mounting link 76 also 

35 pivots to drive the clamp member of buckle 14 
against the strap as will be described below. 

Referring once again to Figs. 2 and 3, pawl 84 
is engagable with notch 86 formed in driving link 
66 and is pivotally mounted about stationary shaft 

40 88 and pivots in response to longitudinal movement 
of the driving link. Pawl 84 initiates transverse 
motion of intermediate link member 90. 

Intermediate link 90 is connected to the lower 
portion of pawl 84 via pin 92 and moves in a 

45 general transverse direction relative to frame 16 in 
response to pivotal movement of the pawl. Inter- 
mediate link 90 is connected at its lower portion to 
knife link member 94 via pin 96. 

Knife link 94 is received within the opening 

so defined between leg members 80 of mounting link 
76 and is pivotally mounted about stationary shaft 
78. Knife 98 having a suitable cutting edge as 
shown is provided at the upper end portion of knife 
link 94 to sever excess strap material not utilized in 

55 securing the tissue portions together. Knife link 94 
pivots downwardly and counterclockwise in re- 
sponse to transverse upward movement of inter- 
mediate link 90, causing knife 98 to cut the excess 
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strap material. 

Referring further to Figs. 2 and 3, driving link 
66 includes a key way 100 at a position approxi- 
mately intermediate the end portions of the driving 
link. Keyway 100 consists of two arcuate apertures 
102, 104 interconnected by channel 106. 

An eccentric control shaft 1 08 is received with- 
in keyway 100 formed in driving link 66, and is 
rotatable within the keyway through a rotational 
range of about 90 * . The relative rotation of eccen- 
tric shaft 108 controls the functioning of the ap- 
paratus as will be described hereinbelow. Eccentric 
shaft 108 has a generally truncated circular cross- 
section as shown (i.e., a circular cross-section cut 
along two arcs by flat planes) so as to resemble a 
somewhat elliptical cross section which defines a 
major axis which is greater in dimension than its 
minor axis. The dimension of the minor axis is less 
than the width of channel 1 06. 

A pair of locking hooks 110 are mounted on 
eccentric shaft 1 08 and rotate along with the shaft. 
Locking hooks 110 possess apertures 112 which 
correspond in dimension to the cross section of 
eccentric shaft 108 to effect the mounting. In the 
closed or vertical position, locking hooks 110 en- 
gage locking pin 114 mounted in tensioning lever 
18 to secure the lever to frame member 16. Fig. 6 
illustrates this position in further detail. 

A pair of control levers 116 are also mounted 
on eccentric shaft 108. Control levers 116 are dis- 
posed on the exterior of frame 1 6 and are secured 
against the frame by screw means. (See also Fig. 
7) Movement of control levers 116 causes rotation 
of eccentric shaft 108. Accordingly, levers 116 con- 
trol operation of the apparatus. 

Control levers 116 are movable to three posi- 
tions. The first position, as shown in phantom in 
Fig. 3, corresponds to the locked position of ap- 
paratus 10 wherein locking hooks 110 are engaged 
with locking pin 114 to secure tensioning lever 18 
to frame 16. In this position, the major axis of 
eccentric shaft 108 is generally transverse to the 
longitudinal axis defined by driving link 66. 

Referring now to Fig. 9, the second position of 
control lever 116 and eccentric shaft 108 is shown 
in phantom. The second position corresponds to an 
unlocked position of tensioning lever 18 to permit 
ratcheting motion of the lever and thus tightening 
of strap 12 about tissue portions 34. In this posi- 
tion, locking hooks 110 are released from their 
engagement with locking shaft 114 and eccentric 
shaft 108 is rotated approximately 45 B from its first 
position. It is to be noted that in this position of 
eccentric shaft 108, the shaft engages portions of 
driving link 66 surrounding channel 106 thereby 
preventing longitudinal movement of driving link 66 
and thus preventing activation of the linkage 
mechanism. 



Referring now to Fig. 11, the third position of 
control lever 116 and eccentric shaft 108 is illus- 
trated. In this position, eccentric shaft 108 is dis- 
placed approximately 45* relative to its second 

5 position such that the major axis of the shaft is 
generally parallel to the longitudinal axis defined by 
driving link 66. It is to be noted that in this position 
of eccentric shaft 108, the shaft clears channel 106 
thereby permitting longitudinal movement of driving 

w link 66. Thus, activation of the linkage mechanism 
is possible. 

Referring again to Fig. 1, a triangular shaped 
recess 118 is formed on each side of frame 16 to 
receive and accommodate control levers 116. Each 

15 recess 118 includes three circular shaped depres- 
sions 119 which correspond to the first, second 
and third positions of control lever 116. A cor- 
responding semi-spherical projection 120 (Fig. 2) 
extends from the surface of control lever 1 1 6 adja- 

20 cent frame 16. As shown, projection 120 is cor- 
respondingly configured to be received within each 
of depressions 119 formed in the outer surface of 
frame 16. Thus, control lever 116 may be releas- 
ably locked in either of the three positions. 

25 Referring now to Fig. 12, there is illustrated a 

perspective view with parts separated, of the pre- 
ferred buckle assembly 14 to be used with the 
apparatus 10 of the present invention. Buckle as- 
sembly 14 is specifically configured to operate with 

30 apparatus 10 and includes base member 132 hav- 
ing clip member 134 pivotally mounted to an upper 
surface of the base member and a clamp member 
136 slidably mounted within a partial longitudinal 
channel 138 defined between the upper and lower 

35 surfaces of the base member. Base member 132 
has opening 140 extending therethrough for recep- 
tion of the needled end of strap 12 and an exten- 
sion 142 having slot 144 for securing the other end 
of the strap to the buckle. 

40 Clip member 134 and clamp member 136 both 

secure strap 12 within buckle 14. In a preferred 
embodiment, clamp member 136 supplements clip 
member 134 in securing the strap 12. However, it 
is to be appreciated that both the clip member and 

45 the clamp member are configured and adapted 
such that each may independently securely lock 
and wedge strap 12 within buckle 14. 

Clip member 134 may be mounted to the up- 
per surface of base member 132 by conventional 

so means. In a preferred embodiment, clip member 
134 includes two side arcuate grooves 146 defining 
arcuate tabs 148 which are received within cor- 
respondingly configured and dimensioned grooves 
150 formed in the upper surface of base member 

55 1 32. The upper surface portion adjacent grooves 
150 are then deformed by, for example, a peening 
operation, to displace surface material over a por- 
tion of the arcuate extension to enclose the exten- 
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sions within the grooves, and, thereby mount clip 
member 134 to base member 132. In the alter- 
native, the upper surface of base member may be 
provided with opposing recesses. Arcuate tabs 148 
may snap into these recesses to mount the clip 
member to the base member. 

Clip member 134 is adapted to pivot about 
tabs 148 from an open position (Fig. 13) to receive 
a portion of strap 12 to a closed position wherein 
forward serrated edge 135 of the clip member 
engages the strap (Fig. 15). 

Clip member 1 34 is preferably fabricated from 
a resilient material such as stainless steel or 
titanium. This is a significant feature of the present 
invention in that the resiliency of clip member 134 
provides a means to bias the clip member to the 
closed strap engaging position. In particular, when 
clip member 134 is stressed to the open strap 
receiving position of Fig. 13, the resiliency of the 
clip continuously urges forward edge 135 to its 
normal generally horizontal strap engaging position. 
Once the stress on clip member 134 is removed, 
i.e., the advancement of strap 12 through buckle 14 
is discontinued, forward edge 135 assumes its nor- 
mal position thereby wedging strap 12 against base 
member 132 as shown in Fig. 15. In the preferred 
embodiment, clip member 134 includes resilient 
tail portion 147 which urges forward edge 135 
against base member 1 32 when the clip is stressed 
top the open position. It is to be appreciated that 
the resilient quality of clip member 134 and tail 
portion 147 is sufficient to securely wedge strap 12 
against base member 132. 

Referring again to Fig. 12, a pair of arcuate 
tabs 152 are disposed adjacent the upper surface 
of base member 132. Tabs 152 provide support 
and stability to mounted clip member 134. Tabs 
152 are configured to serve as fulcrums about 
which clip member 134 pivots. 

Clamp member 136 supplements clip member 
134 in securing strap 12 within buckle 14 and 
about the split tissue portions. Clamp member 136 
is adapted for longitudinal movement within chan- 
nel 138 from an unadvanced position (Fig. 13) to 
an advanced strap engaging position (Fig. 15) in 
response to activation of linkage mechanism 32. 
The forward edge of clamp member 136 is prefer- 
ably serrated to assist in gripping the wedged strap 
portion. 

Clamp member 136 also serves to releasabiy 
mount buckle 14 to the apparatus 10. As best 
shown in Figs. 12 and 14, the side portions of 
clamp 136 extend beyond the sides of buckle 14 
and are received within corresponding grooves 82 
formed in mounting link 80 to mount the buckle to 
the mounting link in a suspended manner. Prefer- 
ably, clamp member 136 and grooves 82 are cor- 
respondingly dimensioned to provide a capturing 



(loose but secure) fit between the two components. 

Referring now to Fig. 12 in conjunction with 
Fig. 13, two downwardly biased resilient tab mem- 
bers 154 partially extend in the upper portion of 

5 channel 138. Downwardly biased tab members 154 
are configured to engage the rear portion of clamp 
member 136 to retain the clamp member against 
strap 12 when the clamp is in the advanced strap 
engaging position, without damaging (weakening) 

io the strap. 

As shown in Fig. 13, in the unadvanced con- 
dition of clamp member 136, downwardly biased 
tab members 154 rest on an upper surface of 
clamp member 136. However, once clamp member 

75 136 is moved longitudinally to its advanced posi- 
tion shown in FIGS. 15 and 16, tab members 154 
are released from their contact with the upper 
surface of the clamp member to assume their 
normal downwardly biased position. In this position, 

20 the forward edges of tab members 154 engage the 
rear edge of clamp member 136 to securely retain 
the clamp against strap 12. It is to be appreciated 
that downwardly biased tab members 154 are con- 
figured and dimensioned so as to securely retain 

25 clamp member 136 in a wedging locking engage- 
ment against the strap without damaging or weak- 
ening the strap. 

As shown in Fig. 13, a pocket 156 (Fig. 13) 
receives the wedged portion of strap 12. Because 

30 of its cross-sectional configuration as shown, pock- 
et 156 alters the angle in which strap 12 is re- 
ceived within opening 140, thus providing more 
surface area in which clamp member 136 can 
engage the strap. 

35 Referring again to Fig. 12, clamp member 136 

also includes two leg portions 156. Leg portions are 
engagable with tab members 154 when clamp 
member 136 is in the advanced strap engaging 
position of Figs. 15 and 16, to thereby minimize 

40 transverse movement of the clamp member and 
potential release of the clamp member through the 
sides of buckle 14. 

The components of buckle 14 are preferably 
fabricated from a bio-compatible metal such as 

45 stainless steel or titanium. Buckle 14 may also be 
fabricated from polymeric materials including acryl- 
ics, polystyrenes, polycarbonates and styrene-ac- 
rylonitrile (SAN) copolymers and formed by known 
injection molding techniques. 

so Strap 12 may be formed of any material suit- 

able for use in stabilizing fractured bones or secur- 
ing tissue portions generally. Typically, strap 12 
may be fabricated from a wide variety of mon- 
ofilament and braided materials both absorbable 

55 and non-absorbable, e.g., catgut, silk, nylon, poly- 
ester, polypropylene, linen, cotton and absorbable 
synthetic materials such as polymers and 
copolymers of glycolic and lactic acids. Examples 
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of such non-absorbable materials include those 
fabricated from synthetic fibers such as polyesters, 
polyethylene, polytetrafluoroethylene and 
polyamides. A suitable synthetic material includes 
woven DACRON™ manufactured by DuPont de- 
Nemours of Wilmington, Delaware. In the alter- 
native, strap 12 may be formed from a bioabsor- 
bable material such as catgut or synthetic materials 
including polymers and copolymers of glycolic and 
lactic acids. 

EP-A-0 561 108 (U.S. patent application Serial 
No. 07/829,423, filed February 3, 1992), the con- 
tents of which are incorporated herein by refer- 
ence, discloses a strap or sternum closure ribbon 
which may be readily adapted for use with the 
buckle assembly of the present invention. The 
strap disclosed in this application is a braided 
product having a plurality of elongated filamentary 
reinforcing members of ultra high molecular weight 
polyethylene fibers. The fibers may be plasma 
treated to reduce slip characteristics of the yarn. 
The fibers exhibit strengths from about 375 kpsi 
(thousands of pounds per square inch) to 560 kpsi 
and a tensile module of from about 15 msi (millions 
of pounds per square inch) to about 30 msi. 

Strap 12 may have a tapered end to reduce 
tissue trauma as well as to facilitate attachment to 
surgical needle 15. It is to be appreciated that strap 
12 is readily pliable for forming the sternum encir- 
cling loop course. 

Surgical needle 15 may be attached to a first 
end of strap 12 by conventional means. Needle 15 
assists in penetrating the targeted parasternal loca- 
tion and positioning the strap under the sternum 
and then outwardly at an opposite parasternal loca- 
tion. Preferably, needle 15 is curved. 

Further understanding of the apparatus 10 of 
the present invention will be realized from the 
description provided of the use of same in securing 
split portions of a sternum together after a ster- 
notomy. 

Referring once again to Fig. 3, apparatus 10 
with mounted buckle 14 is positioned adjacent ster- 
num portions 34. Needle 15 with attached strap 12 
is inserted within a selected parasternal location at 
one side of the sternum and passed under both 
sternum portions 34 to an opposite parasternal 
location. Needle 15 is then pushed outwardly and 
exposed from the operative site, and pulled from 
the sternum location until a sufficient working 
length of strap 12 is provided. Needle 15 is in- 
serted through opening 140 in buckle member 14 
(Fig. 12), advanced through frame 16 and inserted 
through channel 50 of tensioning hub 48 (Fig. 2). 
The sternum portions are approximated and the 
excess slack removed by manually pulling the 
strap in a tightening direction. 



Prior to continuing with the final tightening of 
strap 12, one or more tensioning apparatus with 
mounted buckle and strap assemblies may be 
placed around selected parasternal locations in the 
5 same manner. When several straps are in place 
around the sternum, each apparatus is ready to be 
tightened. 

Referring now to Fig. 9, control lever 116 is 
advanced to its second position to release locking 

10 hook 110 from its engagement with locking bar 1 14 
in tensioning lever 18. Tensioning lever 18 auto- 
matically pivots away from frame member 16 under 
the influence of leaf spring 21 (see Fig. 3) disposed 
in the forward portions of the lever and the frame 

75 member. Strap 12 is tightened around the split 
sternum portions by ratcheting motion of tensioning 
lever 18. Each downward motion of lever 18 to- 
wards frame member 16 effects rotational move- 
^rpent of upper gears 40. Rotational movement of 

20 gears 40 causes reverse rotational movement of 
lower gears 46 and tensioning hub 48. This rota- 
tional movement, in turn, effects coiling of strap 12 
around the axis of tensioning hub 48. Fig. 10 illus- 
trates in detail the movement of the gears (as 

25 shown by the arrows) and winding of strap 12 
around tensioning hub 48. 

Referring again to Fig. 9, after each ratcheting 
motion of lever 18, pawl 42 engages the teeth of 
one of gears 40 to prevent negative rotational 

30 movement of the gears and loosening of strap 12. 
It is to be noted that clip 134 of buckle member 14 
engages the strap portion received within the buck- 
le also to prevent loosening of strap 12. 

Tightening of strap 12 around the sternum is 

35 continued until clutch 38 (Fig. 4) slips. This is a 
significant feature of the present invention in that 
the tension of strap 12 and the compressive forces 
of the strap on sternum portions 34 can be pre- 
determined with the selection of a particular sized 

40 clutch 38 to ensure a compressive engaged rela- 
tionship between the sternum portions during heal- 
ing.. This element of control helps to minimize 
complications associated with overtensioning of the 
strap, i.e. piercing or cutting of the sternum by the 

45 tightened strap, as well as complications asso- 
ciated with insufficient strap tensioning. Accord- 
ingly, the potential for infection or other trauma to 
the patient is minimized. The preferred afore-de- 
scribed Torrington clutch will slip when the strap 

50 tension about tensioning hub 48 reaches about 25 
lbs. 

Referring now to Fig. 11, control lever 116 is 
advanced to its third generally vertical position, 
which rotates eccentric shaft 108 another 45*. In 
55 this position, the major axis of eccentric shaft 108 
is parallel to the axis defined by frame member 12 
to thereby enable the shaft to clear interconnecting 
channel 106 to permit longitudinal movement of 
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driving link 66 and activation of the linkage mecha- 
nism 32. 

Actuating button 52 is then longitudinally ad- 
vanced in the direction shown by the arrow to pivot 
vertical link 62 about stationary shaft 64. Pivoting 
movement of vertical link 62 exerts a rearward 
longitudinal force on driving link 66, which causes 
rearward longitudinal movement of the driving link. 
This movement simultaneously effects clockwise 
pivotal movement of pawl 84, due to its engage- 
ment with notch 86, and clockwise pivotal move- 
ment of mounting link 76 about stationary shaft 78. 
The pivotal movement of pawl 84 causes inter- 
mediate link 90 to move in a generally vertical 
direction, which lifts the rear end of knife link 94 
and forces the forward cutting edge 98 of the knife 
downwardly to cut strap 12. It is to be appreciated 
that the force generated by the linkage mechanism 
is sufficient to completely sever strap 12. 

The longitudinal movement of driving link 66 
causes legs 80 of the mounting link to forcibly 
drive clamp member 136, which is releasably 
housed in grooves 82 of the legs, against the 
portion of strap 12 received within buckle 14. Ac- 
cordingly, tabs 154 of buckle 14 are released from 
their engagement with the upper surface of clamp 
member 136 and assume their normal downwardly 
biased position (Fig. 15) wherein the forward edge 
of the tabs 154 engage the rear edge of the clamp 
member 136 to securely retain the clamp member 
against the strap portion. Actuating button 52 is 
released, and is returned to its unadvanced con- 
dition by spring 56. Consequently, the linkage 
mechanism 32 returns to its unadvanced condition 
of Fig. 3 with clamp member 136 being released 
from its mounting to mounting link 80. Accordingly, 
buckle 14 is released from its mounting to the 
apparatus. 

The apparatus of the present invention effec- 
tively tightens and secures a strap to a predeter- 
mined tension about split tissue portions. The ap- 
paratus is lightweight, easy to use, and is easy to 
maneuver about the surgical site. It incorporates 
safety features to prevent inadvertent activation of 
the linkage mechanism. The buckle used with the 
apparatus provides a locking mechanism which is 
simple in construction and which avoids the com- 
plexities of known buckle assemblies. 

The claims which follow identify embodiments 
of the invention additional to those described in 
detail above. 

Claims 



advancing a first end portion of said strap loop 
in a strap tightening direction. 

2. The apparatus according to claim 1 , wherein 
5 said strap advancing means is adapted to re- 

lease and prevent further tightening of said 
strap loop when the tension in said strap loop 
exceeds a predetermined value. 

70 a The apparatus according to claim 1 or 2, 
wherein said strap advancing means com- 
prises: 

a tensioning hub; 

a tensioning lever pivotally mounted to a 
75 forward portion of said frame means; and 

gear means for transforming pivotal motion 
of said tensioning lever into rotational move- 
ment of said tensioning hub. 

20 4. The apparatus according to claim 3, wherein 
said gear means comprises: 

first gear means securely mounted about a 
first gear shaft; 

second gear means securely mounted to 

25 said tensioning hub and cooperatively engag- 

ing with said first gear means such that rota- 
tional movement of said first gear means 
causes reverse rotational movement of said 
second gear means and said tensining hub; 

30 and 

clutch means securely mounted within a 
forward housing portion of said tensioning le- 
ver and rotatably mounted about said first gear 
shaft, said clutch means engaging said first 

35 gear shaft and causing rotation thereof and 

reverse rotation of said tensioning hub upon 
pivotal motion of said tensioning lever in a first 
direction and releasing said first gear shaft 
upon pivotal motion of said tensioning lever in 

40 a second direction. 

5. The apparatus according to claim 4, wherein 
said clutch means releases said first gear shaft 
when the tension in said strap loop exceeds 

45 the predetermined value. 

6. The apparatus according to any one of the 
preceding claims, further comprising linkage 
means for severing an excess portion of said 

so strap loop not used in securing the split tissue 

portions. 

7. The apparatus according to any one of the 
preceding claims, further comprising control 
means for controlling operation of the appara- 
tus, said control means being operable within 
first, second and third positions, said first posi- 
tion corresponding to a secured position of the 

10 



1. An apparatus for tightening a strap loop about 55 
split portions of tissue, which comprises: 
frame means; and 

means mounted in said frame means for 
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apparatus, said second position corresponding 
to an unlocked position to permit actuation ot 
said strap advancing means and said third 
position corresponding to a release position 
which permits actuation of said linkage means. 5 

a The apparatus according to claim 7, wherein 
said control means comprises: 

an eccentric shaft rotatably mounted to 
said frame means and received within said io 
keyway in said drive link member, said eccen- 
tric shaft adapted to rotate between a first, a 
second and a third position, said eccentric 
shaft having a cross section defining a major 
axis and a minor axis, said major axis being 75 
greater in length than the length of said minor 
axis; 

at least one locking hook member moun- 
ted to said eccentric shaft; 

a locking bar mounted within said ten- 20 
sioning lever and correspondingly positioned to 
be engaged by said at least one locking hook 
member; and 

at least one control lever mounted to said 
eccentric shaft on the exterior of said frame 25 
means. 

9. The apparatus according to claim 8, wherein 
said length of said major axis of said eccentric 
shaft is greater than the width of said channel 30 
of said keyway in said driving link member. 

10. The apparatus according to claim 8 or 9, 
wherein said length of said minor axis of said 
eccentric shaft is smaller than the width of said 35 
channel of said keyway in said driving link 
member. 

11. The apparatus according to any one of the 
preceding claims, further comprising means for 40 
securing said strap loop in the tensioned con- 
dition. 



12. The apparatus according to claim 11, wherein 
said means for securing said strap loop com- 
prises buckle means and further comprising 
means for releasably mounting said buckle 
means. 

13. The apparatus according to any one of the 
preceding claims, in which two separate leg 
members of a mounting link member are cor- 
respondingly dimensioned and configured to 
receive a buckle, said leg members each hav- 
ing a partial longitudinal groove at a lower 
portion thereof, said partial longitudinal 
grooves correspondingly configured and 
dimensioned for reception of side portions of 



said buckle to releasably mount said buckle to 
said mounting link member. 

14. The apparatus according to claim 13, further 
comprising: 

an actuating button for actuating said link, 
said actuating button slidably mounted on an 
upper surface of said frame means for recipro- 
cal longitudinal movement between an unad- 
vanced and an advanced position, said actuat- 
ing button defining a groove on a lower surface 
thereof to receive an upper portion of said link 
member; wherein longitudinal movement of 
said actuating button to said advanced position 
activates said linkage means to cause pivoting 
movement of a knife link member and ser- 
verance of the excess strap loop, and wherein 
longitudinal movement of said actuating button 
to said advanced position also effects pivoting 
movement of said mounting link member to 
cause said leg portions to advance said clamp 
means to its engaging position against the first 
end portion of said strap loop. 

15. A buckle assembly for securing a strap mem- 
ber about split portions of tissue to retain the 
split portions in adjacent compressive relation 
to promote healing thereof, which comprises: 

a base member having an opening extend- 
ing therethrough for reception of a portion of 
the strap member; and 

means for engaging the strap member to 
securely retain the strap member in a com- 
pressive closed looped configuration about the 
split tissue portions. 

16. The buckle assembly according to claim 15, 
wherein said strap member engaging means 
comprises clip means mounted to said base 
member, said clip means being pivotal from an 
open position which permits reception of the 
strap member and a closed position which 
securely wedges the strap member between a 
forward edge of said clip means and said base 

45 member. 

17. The buckle assembly according to claim 15 or 
16, wherein said base member includes a par- 
tial longitudinal channel defined between an 

50 upper and lower surface thereof. 

18. The buckle assembly according to claim 17, 
wherein said engaging means further com- 
prises clamp means slidably housed within 

55 said partial longitudinal channel of said base 

member and movable therewith in from a non- 
engaging position to an engaging position, said 
clamp means adapted to securely wedge the 
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strap member between a forward edge of said 
clamp means and said base member when in 
said engaging closed position. 

19. The buckle assembly according to claim 16, 5 
17 or 18, further comprising means for biasing 
said clip means to said closed position. 

20. The buckle assembly according to any one of 
claims 15 to 19, wherein said base member w 
includes an extension having an opening there- 
through for receiving and securing a second 

end portion of the strap member to said base 
member. 

75 

21. The buckle assembly according to any one of 
claims 15 to 20, wherein said strap engaging 
clamp means includes two leg extensions ex- 
tending from the rear of said clamp means, 

said leg extensions engagable with said partial 20 
tab members of said base member when said 
clamp means is in said engaging position to 
prevent generally transverse movement of said 
clamp means and release of said clamp means 
through sides of said base means. 25 

22. The buckle assembly of any one of claims 15 
to 21, wherein said means for engaging com- 
prises clamp means slidably housed within 

said partial longitudinal channel of said base 30 
member and movable therewithin from a non- 
engaging position to an engaging position, said 
clamp means adapted to securely wedge the 
strap member between a forward edge of said 
clamp means and said base member when in 35 
said engaging position. 
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© A surgical apparatus (10) for tightening a strap 
loop (12) to a predetermined tension about split 
tissue portions includes a frame (16), an advancing 
mechanism for tightening the strap loop, a linkage 
mechanism which severs excess strap material not 
used in securing the tissue portions together and a 
control mechanism for controlling operation of the 
apparatus. The advancing mechanism includes a 
tensioning lever (18) and a gear mechanism. The 
gear mechanism includes a tensioning hub (36) and 
a clutch (38) which releases when the tension in the 
strap loop exceeds a predetermined value. The con- 
trol mechanism includes a safety feature for prevent- 
ing inadvertent activation of the linkage mechanism. 
A buckle and a method for use with the surgical 
apparatus is also disclosed. The invention is particu- 
larly contemplated for repair of the human sternum 
when the sternum has been split during surgical 
procedures. 
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